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Klein, Theodore (1998-1-19 15-13) 
mike Fromm's, the whole tissue culture aspect of the 
process, we sort of had to start there, you know, for 
ourselves from in some ways from scratch. In other 
words, start generating cultures there and build up 
enough material for bombardments, working with 
different selectable markers, determining which ones 
might be suitable in our hands. And then there 1s 
also the inevitable contaminated experiment and things 
that go wrong, too. : 

Q. what do you mean by "“contamination’? 
Aa well, all this type of work has to be done 
under aseptic conditions, in other words, basically 


sterile conditions, so that the tissue cultures are 
not infected by contaminating microorganisms. That's 
<nevitable in these kinds of experiments. | 

on Does that typically happen in a tissue 
culture Jab, that you will routinely obtain 
contamination? 

A. Unfortunately, yes, this happens. 

During the move from Dr. Sanford's lab to the 
Plant Gene Expression Lab in Albany did you have 
downtime because of the move? 

a. Absolutely. 

Q. In terms of how long it takes to do each step 
in the process of Biolisticly bombardly regenerable 
cells to produce a fertile transgenic maize plant, for 
example, how long does it take to start a suspension 
culture cell line for bombardment? 

Aes well, first you have to grow a corn plant, 
which can take a couple of months. And then you have 
to excise the embryos and grow those on media. And 
that can take three or four months at least really to 
build up enough material to do a suitable number of 
experiments. That's just the beginning. And then, of 
course, there are bombardments. They take -- really 
in the process the actual bombardment is the 


relatively trivial amount of work once you have the 
parameters worked out. 

Following bombardment it could take two 
or three months to recover a transgenic cell line or 
transgenic cell lines, and after that it could easily 
take six to eight months to regenerate a small 
plantlet. And that has to be grown to a stage where 
seed is produced. And that can be another two months 
or so. So you're looking at -- you know, it could be 
well over, you know, a year and a half to two years. 

Q. Is the scenario that you have just described 
in your view a best case scenario? 

A. Actually, yes, especially when you're just 
starting from ground zero, in other words, and you 
don't know what the selection parameters might be or 
how much transient material you need to produce before 
you even try to regenerate something. I would say 
that is a pretty aggressive schedule. 

. So under ideal conditions without any delays 
what is the total time it would take to obtain a 
fertile transgenic maize plant if one started by 
preparing regenerable corn suspension culture cells 
for transformation with the gene gun? 

A. we'd have to add it up. So let's say maybe 
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Klein, Theodore (1998-1-19 15-13) 
five months to make the culture. I come up with 
something like 15 to 18 months as a pretty quickly 
moving type of thing. 

Q. Mm-hmm. 

MR. PEET: I'd like to mark this as Klein 
Exhibit 11 for identification, please. = 

(Klein Deposition Exhibit No. 11 was 
marked for identification.) 
BY MR. PEET: 

Q. Just take a moment or as much time as you 
need to refresh your recollection regarding this 
publication. 

A. Okay. 

Q. Klein Exhibit 11 is a publication from the 
journal Biotechnology published in 1990 in which you 
sre listed as a co-author. Did you assist in the 
writing of this article? 

A. YOS, 

Q. Did you participate as a scientist in 
generating the data which is reported in this 
article? 

A. Yes. 

where was the work done which is described in 
this Biotechnology article, Klein Exhibit 11? 


ae The plant transformation experiments were all 
done at the Plant Gene Expression Center, USDA Plant 
Gene Expression Center, in Albany, California. cell 
cultures that we used in these experiments, some of 
the experiments at least, were produced by Chuck 
Armstrong at Monsanto. 

Q. Mm-hmm. Earlier I asked you when you 
obtained your first fertile transgenic maize plant by 
microparticle bombardment. You indicated that a 
report regarding that fertile transgenic plant was 
contained in a Biotechnology article. Is this the 
Biotechnology article you were referring to? 

A. Yes, mm-hmm. 

Q. Can you identify for me the designation which 
you gave to the callus which gave rise to the fertile 
transgenic plants that are described in this article? 

A. I think they were given just the designation 
of pALSLUC-1, -2, -3, etcetera. Also there 1S 
pBARGUS, again -1, -2, I think. 

Q. what does ALS refer to? 


A. ALS refers to acetolactate synthase, which is 
a gene in the amino acid biosynthetic pathway. 

Q. Is ALS a selectable marker? 

A. yes. 

Q. And what does Luc refer to? 

As Luc refers to luciferase, which is a 
screenable marker. That luciferase gene 1s a gene 
from fireflies that produces light so you can -- 1s 


that good enough? 

: Is luciferase or LUC a selectable marker? 

That would be more a screenable marker. 

And what does a BAR or B-A-R to? 

Basta resistance. 

And is BAR a selectable marker? 

Selectable marker, yes. 

And what is Basta? 

Basta is a herbicide. And Basta resistance 
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. Klein, Theodore (1998-1-19 15-13) 
gene can inactivate the herbicide Basta. 
Q. And what is GUS or G-U-S? 


A. GUS again refers to beta-glucoronidase, which 
is a screenable marker. . 
Q. I'd like to direct your attention to Table 1 


and specifically to the plasmid callus number 
pALSLUC-3. Why is that callus designated with the ALS 
letters? 


A. Because we_used the ALS gene as a selectable 
marker with chlorsulfuron as a selectable agent. 

Q. And is chlorsulfuron a herbicide? 

A. Yes. . . | 

Q. And why does this designation also refer to 
LUC? 

Ps Because on the same plasmid there is both -- 


two genes were present, the ALS gene and the 
juciferase gene. 

| ; Is the plasmid which was used to generate by 
particle bombardment the callus referred to as 
ALSLUC-3 described in the Biotechnology paper? 


ie yes, 1t 1S. 

Q. where is that plasmid described? 

A. Figure 1, the first plasmid. | 

Q. what cells were bombarded with the pALSLUC 
plasmid? 

A. Embryogenic suspension cultures. 

©. And what genotype of corn cells were used? 

A. Callus derived from a cross of B73 by A188. 


Q. And was B73 times A188 a well-known corn line 
at the time that you conducted these experiments? 
Yes. 
when was that corn line first described? 
when was the corn line first described? 
Strike that question. 
it'd have to look at the literature. 


rPOPALY 


: On page 834, column 2, you refer to using 
maize embryogenic suspension cultures, either B73 
times A188 or a B73 times A188 derivative. And next 
to the reference to B73 times A188 there is a note to 
reference 28. why did you cite reference 28? 


A. Because they specifically used that cross in 
that paper. 

Q. And what paper is that? 

A. It's Hodges. 

Ons when was that published? 

A. 1986. 

Q. Mm-hmm. 

A But, you know, it was used by others before 


then. In fact, some of the papers we looked at 
specified B73 by A188. 

Q. mMm-hmm. Who assisted you in the experiments 
which are described in the Biotechnology paper? 

A. well, Mike Fromm did a lot of the experiments 
himself as well, including coating the genes that were 
used in the plasmids, the selectable markers, and a 
lot of the analysis of the transgenics. Fionnuala 
Morrish was a post-doc that was working in the lab, 
and most of her work was focused on using the Basta 
resistance gene for bombardments. Ros williams, 


Rosalind williams, and John Thomas were technicians 
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Klein, Theodore (1998-1-19 15-13) 
that helped with the tissue culture. and then there 
was myself doing experiments. 

; I note that Charles Armstrong is also listed 
as an author. 

A. mm-hmm. He wasn't in the lab. He was a 
collaborator because of his strong knowledge in maize 
tissue culture. | 

. who provided the tissue cultures that you 
used for these experiments? 

A. Chuck Armstrong provided some _of them, but 


t'm not sure -- we also had our own cultures as 
well. So I'm not sure which were used for which 
experiments. 


: And who was responsible for maintaining those 
cultures that you had? 


A. Several of us did that. I was responsible 
for some of it. . . 
Os t'd like to direct your attention to the 


Experimental Protocol section on page 838 of the 
Biotechnology 1990 paper, Klein Exhibit 11. Under the 
section that is bolded and “Gene Transfer and 
selection of transformed cells," you state 
"Embryogenic callus or suspension celis were 


bombarded with one micron_tungsten micro projectiles 
using a Biolistics particle acceleration device 
(DuPont, Delaware) and the DNA precipitation 
conditions previously described." 

And you refer to articles 14, 15, 29 and 
30 in the references section of the paper. why did 
you refer to those papers? 

A. Because those papers provide information 
detailing the DNA precipitation procedures. SO 
basically we used the same protocols as were described 
in those papers. 

. Do those papers that are referred to in 14, 
15, 29 and 30 of the references section of the 
Biotechnology paper provide a description of the 
transformation conditions that were used in doing the 
particle bombarcments described in the 1990 paper? 

A. Essentially, yes. Just the bombardment part 
of the process would be described in those other 
papers. | 
thus, in indicating or referencing these 
papers in the methodology section you are also 
referencing the conditions, the bombardment 
conditions, that were described in those papers? 

A. Yes. 


Q. So in the experiments that you did, the 
particle bombardment experiments to transform 
regenerable corn cells to produce fertile transgenic. 
plants, the conditions which you used are those that 
are described in the references 14, 15, 29 and 30 of 
the -- 
MR. SCHUURMAN: I object to that as 

leading. | | 

Q. _- references section of the paper? 
A. Yes. 


Exhibit 12. _ _ 
_. (Klein Deposition Exhibit No. 12 was 
marked for identification. ) 


MR. PEET: I'd like to mark this as Klein 
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Declaration 





Sohn Sanford, Associate Professor of Horticultural Sciences, of Cornell 
i University, Geneva, NY 14456, am an expert in the areas of genetics, plant breeding, 
and plant genetic engineering. I have been doing full-time research in this area jor over 
16 years. My special expertise is in the area of plant genetic transformation and the 
engineering of resistance to parasites. My C.V. is attached. 


i | I do declare the following: --7 


ff I am aware that nurnercus componies have applied for and fave obtained or will 

soon obtain broad patents regarding the Se of the biolistic process in transforming 

i particular crop species, in particular - com. Several of these companies are suing each 

other, and several have approached me asking me to serve as a paid expert witness, J 

‘ have declined all these offers, and present this declaration without any financial 

compensation, without obligation to any other party, without any financial or vested 

interest in the outcome of the pending lowsuits, and without bias toward any of the 

i parties involved. 

| In 1983, in conjunction with Dr. Ed Wolf, I conceived a new concept, which 
Aas since been called the biolistic process, or the gene Gun’. With technical help from 

i Mr. Nelson Allen, we did a simple proof of concept experiment late in 1983. Early in 
1984, I wrote a potent application which resulted in a series of issued patents, 

| beginning with US patent #4,945,050. | | 


As clearly delineate defi That potent, this new process was inflerently a 
universal gene defvery system, which would allow delivery of DNA into any cell or 
tissue which could be exposed to particle bombardment. As that potent points out, — 
particle bombardment could readily be performed on any species whether animal or plant 
(including both monocots or dicots). It further pointed out that any tissue or cell type 
could be bombarded, including plant meristems, pollen, callus, cell suspensions, and 
intact plant parts. The concept of bombarding whatever plant cells or tissues happen to 
be most regenerable for a certain species was inferent in the invention, and was actually 
the rationale for developing the process in the fust place. Therefore, Given the gene gun 
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|| concept and any regenerable plant celf or tissue, it would be obvious to anyone in the 
} * * * : . 
field to bombard the regenerable material, in order to recover transgenic plants. 





e Likewise it would be obvious te optimize conditions to maxtnize cell survival after 
| bombardment (as the process in traumatic to the cell), and to use a selectable gene anda 
e * 3 cormesponding selection mechanism; to eliminate non-transformed cells or plants and | 
[ eventually allow recovery of transformed plants. This would require work for each new 
species being transformed, but would not require undue experimentation. This truth is 
clearly demonstrated by the fact that as biolistic devices ecame available to various 
parties, each party in turn readily used the apparatus to transform the species of their 





interest. Typically such success came within 1-2 years of Tygciving the device, which in 
terms of the time required for plant transformation, can be considered to be essentially 
immediate success. Yet mony parties that used the biolistic process and biolistic device. 


now clotn that such use for their specific application was not obvious, and was 
therefore patentable, in the broadest sense possible, In my expert opinion, these Eroad 
claims are not valid, and transformation of corn and other plant species was simply the 
ee of what was already known by at Gast June 23, 1986, when we filed 
a CIP patent application which included the demonstration of transient biolistic 

trans} cuntion of embyrogenic com callus. To support this assertion, I would &Gke to 
record here the chronology of some of the work done in my own (a6, as it related to such 
claims, especially in regard to com transformation. Attached are specific documents 
which verify these dates. 


mag ES ESS 





1983 - Ed Wolf and myself conceive of the biolistic process, December - our first 
demonstration that particles can be accelerated into plant cells. 

1984 - I write the patent. Grant from Comefl Biotechnology Institute won. 
Ted Klein hired. Work progresses. Nov. 13 - patent filed. Nov. 28 - first public 
disclosure in presentation at ASA meetings. Nov. 30 - non-confidential seminar 
at Monsanto. — 

a 1585 - June 23 - biolistic poster and abstract at Commefl Symposium. Oct. 15 - 
public lecture on biolistic process at Cornell Symposium. Oct. 24 - collaboration 
with Ray Wu on rice transformation begins. 

1986 - February 27- USDA gront proposal submitted - outlining monocot (corn 
and rice) transformation protocols. March 25-] approached Dr. Lisa Earleto -.. - 
get embyrogenic callus of comm. Ted demonstrates transient biokistic 
transformation of embrycgenic com. June 23 - CIP patent filed, showing 
improvements and transient biolistic corn transformation. July 31 - Extensive 
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disclosure of biolistic process at the Fine Particle Society meeting. July or Aug. 
- Formation of Biolistics, Inte. Sept. or Oct. - Biolistics, Inc. licenses patent 
rights from Cornell Oct. 1. 1986 - correspondence with Dwight Tomes 
regarding collaboration. Oct. 15 - Collabcrative agreement and joint 
inventorship agreement for first Cornell/Pioneer experiment signed. Oct. 16, 
first corm experiment with Pioneer done. Oct. 30 - confidentiahty agreement 
with Ron Lundquist of MGI, Ted Klein and John Sanford show Ron how gun 
works, reveal our own biolistic corn transformation data. Dec. - ASA poster 
and abstract. | | 
1887 - March 5 - The evidence of stable tronsforpation of corn, generated in 
collaboration with Pioneer, submitted to USDA. May 7 - pubGication in Nature. 


- May 14 - Biokstics, Inc./Pioneer collaborative agreement signed (they are first 


company to get one of Biolistics' guns - shipped 5/20/87). Nov. 11 - gun 
shipped under Biolistics/Agracetus collaborative agreement. Under these 
collaborative research agreements, Biolistics provided all the information and 
technical advice we were able to provide, including alf our own unpublished 
findings involving corn. 
1988 - May 1888 - Corn paper published - BioTechnology. Early 1988 - PNAS 
poper co-authored with Pioneer. Beginning in 1988, Biolistics began to lease 
guns to Universities and Companies. In each case we provided unlimited access 
to our biolistic Knowledge base, with each leasee benefiting from cur experience. 
Shipping dates for companies invelved in plant transformation are fisted below, 
These dates essentially represent the earliest date that these companies could 
have begun biolistic research on corn. 

Jan. 14 - Calgene 

June 22 - Ciba-Geigy 

Aug. 8 - Monsanto 

Aug. 10 - Garst Seed co. 

Aug. 15 - Dekalb/Pfizer Genetics 

Aug. 29 - Molecular Genetics 

Nov. 18 - Enichem 

Dec. 7 - BioTechnica 

Dec. 14 - Upjohn a | ee 
1SE9 - Jan. 13 - DuPont — 

Jan. 25 - Plant Cell Research Inst. 
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;| : Once the apparatus were delivered to the above companws, and tecAnical 
: instruction on how to use them for plant transformation was provided; these companies 
all proceeded to employ the technology successfully, Why then should any of them be 
able to claim that they invented biolistic transformation of com? What was their 





Ff | inven tive act? None of these parties conceived of biolistic-transformation of corm until 

Al «years after my own lab conceived of it, spoke publicly about it, and published on it. My 
own lab had already shown that genes could be biolistically defivered into embryogenic 
corn cells well before any of these parties even fad access to their first Biolistic device, 
Pioneer helped us to prove stable biokistic transformation of regenerable com cells, | 
however we had alrady initiated collaborative experonenss involving regenerable corn 
callus with Dr. Lisa Earle of Cornell - if we had focused on that collaboartion it would 
fave proved the same thing. Pioneer's contribution in this regard was valuable but not 
necessary, and wes technical and not inventive in nature. Given the number of labs that 
were developing corm regeneration systems at that time, if we had not collobcrated with 
Dr. Earle or Pioneer, we would have certainly collaborated with someone else, to 
demonstrate stable biolistic corn transformation. ically everyone with regenerable 
corn callus was asking my la& to help them transform their material, and as history now - 
attests, any one of those systems would have worked. In my expert opinion, the 
currently contested patents involving the biolistic transformation of corn do not reflect 
Who invented something first, but rather who fad ‘first access to our apparatus, and 
who was most aggressive in patent filing. 


as 
e « 
Oat ge et 
aan ail 





Eee) | SEES, ES 


In fight of all the above, it should be clear that by the fatter half of 1986 it had 
fecome obvious to many in the field to biolistically transform corm. Aff that was really 
needed was access to a biolistic device. Therefore, it is my strong opinion that all claims 
filed after June 23, 1986, which broadly claim biolistic transformation of corn, should 

be dis-cllowed. ae | — 


ae This is my honest, expert opinion on the matters stated above. I do swear that 
this declaration is to the best of my abifity true in all its aspects. 


Signed this 4th doy of February, 1997. 
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Schedule for John Sanford 





January 27, 1987 


i 
(| 9:00 a.m. Arrive at MGI 
9:00 - 10:00 a.m. Tour Facilities - Ron Lundquist, 
| - Sr. Scientist. 
" 
10:00 - 11:00 a.m. Seminar - "Particle Gun Mediated 


Transformation of Plants" 
R & D Conference Room © 





. 11:00 - 11:30 a.m. Ken Hibberd, Sr. Scientist 
q 11:30 - 12:00 a.m. George Baran, Sr. Sicentist 
22700 = 2:20 Om. Lunch - Ron Lundquist, Nancy wan, 

q : Bai, Pilacinski | 
, 1:30 - 2:30 p.m. Round table discussion - R&D 
j | Conference Room #1 

| : 2:30 - 3:00 p.m. Bill Pilacinski, -Sr. Scientist 
j | 3:00 - 4:00 p.m. Ron Lundquist, Sr. Scientist 
] 4:00 p.m. : Depart 
i 
a 
| 
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Delivery of DNA into Regenerable Tissu:2s of Monocots 
Using High- Velocity Microprojecules 


Invesugators: John C. Sanford 
Theodore M. Klein 
Ray Wu 


Summary 


We have developed an entirely new method for introducing DNA into plant cells. 
tungsten particles (refered to as microprojectiles) can be accelerated to high velocities 
device termed a particle gun. The velocities attzined by the microprejectiles are 

ient to permit their penetration of cell walls and membranes in a non-lethal manner. 

1g epidermal! cells of Alliwm cepo as a model system, we have demonstrated that large 

mbers of cells can be penetrated simultaneously and that most (>90%e) of these cells 

rvive bombardment. Several (1 to 10) microprojectiles can routinely be observed within 
living cells and these microprojectiles generally move in conjunction with the cytoplasmic 
stream. DNA- or RNA- coated microprojectiles can be accelerated into plant cells. Using 
the particle gun, we have shown that RNA from tobacco mosaic virus can be Celivered ina 
biologically active form to large numbers of cells simultaneously. Using a plasmid that 
contains the chloramphenicol acetyltransferase gene, we have demonstrated the genetic 
transformation of intact monocot Ussue using the particle gun. 

The acdvantzges of this new method are numerous. Because substannal amounts of 
DNA are mechanically deposited in the cell, high rates of transformation can be achieved 
without the use of an infectious agent. Thus the complexities and host range problems 
associated with the Agrodacteriwn system are enurely avoided. In addition, genene 
material can be delivered to many cells simultaneousy, as they occur in their natural state in 
embryogenie or organogenic tissue. The ability to efficiently deliver DNA to these ussues 
should greatly facilitate the regeneration of transformed plants of species that currently 
cannot be regenerated from protoplasts. We feel that the particle gun process may prove 
nivitol for the genetic engineering of many impomant monocot (specifically the cereal 
crops) and might eventually provide 2 universally applicable process to ransform plants. 

To date most of our experience is with A. cepa. Our new efforts will focus on 
factors affecting the efficiency of transformation of epidermal cells of A. cepa with the 
particle gun. Various parameters (i.e., conditions used to bind DNA to the 
microprojectiles, number and velocity of the microprojectules used to bombard the ussue, 
etc.) will be optimized for efficient ransformation. Concurrent with this work, we will 
initiate research with another model system, tobacco, which is highly amenable to growth 
znd regeneration ia vitro. In en effor to recover plants tansformed with the parucie gun, 
we will bombard leaf discs and callus with microprojectiles that have been coated witha 
plasmid that harbors a selectable marker that confers resistance to kanamycin. 
Subsequently, the tissue will be ransferred to a medium that promotes regeneration, 

. Transformation will be confirmed using nopaline assays and Southern hybridizations. We 
then plan to expand our findings from model systems to agriculturally imporant species ; 
such as com and rice. Embryogenie or potentially embryogenic tissue of these species will 
be bombarded at various stzges of development. Immature embryos, meristematic shoot 
tips, and the callus derived from embryos and anthers are all potential target ussue. The 
cansformed tssue will be propagated in virro and we will attempt to recover transformed 
plants from this ussue. 
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Delivery of DNA into Regenerable Tissues of Monocots Using 


High-Velocity Microprojecules 


+1 a2: 


We have developed a new method for the delivery of genetic material into plant cells 
which eliminates the need for the enzymatic removal of cell walls and which permits the 
transformation of plant cells and tissue, in siz, Methods have been developed to adsorb 

enetic material to ine surface of microscopic (as small as 0.5 yum in diameter), high- 
density projectiles. Using one of several acceleration devices (hereafter refered to as 
particle guns) that we have cesigned and built, these microprojectiles can be accelerated to 
very high velocities, permiting them to penctrate the cuticle, wall, and membrane of plant 
cells. We have shown that microprojectiles can enter the cytoplasm of monocot cells in a 
nonlethal manner and can deliver genetic material to cells in an intact, biologically active 
form. 

. The overall objective of the research described in this proposal is to demonstrate the 
general utiliry of the particle gun as a tool for delivering genetic material into intact plant 
cells. We will initially use onion and tobacco as mocel systems for specific reasons that 
will be explained in a following section of this proposal. Subsequent work will focus on 
the introduction of genes into regenerable tissue of important grain species (corn and rice). 
Leaf tissue, scutellar tissues, end embrvogenic callus will be bombarded with 

rojectiles coated with plasmid DNA containing genes coding for readily detectable or 
celecteble markers. Bombarded tissue will then be assayed for the detectable marker or 
laced on a suitable medium that will promote the crowth of callus or the regeneration of 
slantlets from cells that have been transformed with the selectable marker. 


ec _ 


Rationale and Significance 


recipient cells. Secondly, it must be possible to regenerate whole plants from the 
ransformned cells. The following brief review focuses on the progress which has been 


4 


made towards transforming and regenerating cells of monocotylecons. 





Several techniques are available to successfully tansfer genes into protoplasts of 
monocot species. Using techniques similar to those applied to tobacco protoplasts, Lorz 
and coworkers (1985) suspended protoplasts of Triricium monococcum ina solution of 
plasmid DNA. Because this plasmud harbored a gene that inactivates kanamycin, cells. 
which integrated the foreign DNA could grow in the presence the entbiotic. Out of 
18x 10% protoplasts plated on kanamycin containing media, only 10 resistant colonies 
could be recovered. Similar results were obtained by Porrykus etal (19852) after 
coincubating protoplasts of Lolium mulsfloriun with plasmid that contained a selectable 
kanamycin resistance gene. 
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Eleemcal impulses can be usec 10 permeubdilize membranes and permit more 
=f ficient introduction of genetic informeuon into plant protoplasts. This process, termed 
electronoraton, fas deen used to transter genes into protoplasts of Zea mays (Fromm et. 
Al 


«, 
a, 


al., 19&S) though these workers were unable to esumale transformation efficiencies, 
derectecle levels of chloramphenicol acenyltransferase (CAT) activity were found in extracts 
f3xl 


° Of protoplasts. Recently, in the laboratory of one of the P. L.'s, the transfer of 
CAT gene into protoplasts of rice, wheat, and sorghum has been achieved by 

operation (Ou-Lee and Wu, unpublished results). Other techniques that offer some 
potential for delivering geneuc maternal into cells of Graminaceous species are 
microinjection (Stcinbiss and Stabel, 1983) and liposome uptake (Fraley, etal., 1982). 


The limitation of all of the ebove techniques 1s that they are restricted to suspensions 
of protoplasts. None of the methods cescribed thus far appear to be of great value for the 
genetic engineering of cereal crops. Although genes can be transferred to Graminaceous 
protoplasts using various delivery systems, these techniques are severly harnpered by the 
difficulties of regenerating whole plants from protoplasts of such species (Vasil, 1983a; 
Poturykus eral., 19856). 


Agrobacteriwn hes the ability to tensfer plasmid DNA into intact, potentally 

regenerable plantcells. Techniques have been perfected so that this sysiem represents an 

stablished, routine procedure for a few species such as tobacco and tomato (Barton and 
Chilton, 1983). Agrobacterial-mediated transformations are generally considered to be 
limited to dicots, except for several specific monocotyledonous species. Forexample, T- 
DNA transfer to Asparagus, Chlorophytum, and Narcissus has been reported 
(Hernalsteens, etal, 1984; Hooykeas-Van Slogteren etal., 1984). Inoculation of these 
species resulted in tumorous proliferations in Asparagus and small swellings in 
Chlorophynum, and Nercissus . In these reports, alempts were not made to regenerate 
whole plants from the transformed cells. As of this writing, there have been no repos of 
gene transfer from Agrobacterium to plants of the Graminaé family. Itis likely that the 
utilization of Agrobacieriwm 2s a vector for the cansfer of genes to important monocots of 
the Greminae family will be impractical or impossible because of the resincted host range 
of the bactena. : 


rissue culture of Gramnae: 
Tn contrast to the extreme recalcicance of protoplasts of Graminaceous species to 

eneration, mature plants can readily be regenerated from embryogenic callus derived 

various explants (Vasil, 1982b; Tomes, 1985). Embryogenic callus proliferates 
m epidermal and sub-epidermal cells of the scutellum of immature embryos of Zea mays 
letal., 1985). After about 1 to 2 weeks, the embryos that have formed on the 
surface of this callus can be ransferred to media that promotes the proliferation of 
embrycgenic callus or to media that promotes regeneration (Green and Phillips, 1975; 
Lu, etal., 1982; Lowe et al.,1985). Recently, Duncan and coworkers (1985) found that 
many economically important genotypes of com readily form embryogenic callus. 
Typically 50% of the immature embryos produce embryogenic callus when plated on the ° 
appropriate media. In some genotypes, most notably R99 and PAQI, virtually all of the 
embryos proliferate into embryogenic callus when transferred to fresh mecia (Duncan, 
persone! communication). Rice can also be regenerated from embryogenic callus derived 
fom leaf tissue (Wernicke, 1981; Yan end Zhao, 1982), leaf sheath tssue (Bhattacharya 
and Sen, 1980) immature embryos, mature seed (Heyser etal. 1983), and anthers 
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(Genovesi and Magill, 1942; Chaleif, 1983. Schaeffer etal. 1984). Techniques which 
would permit the Celivery of genetic material durccdly into cells of embryogenic callus (or 
cells that give nse iO einbrvogenic callue’ v ould be of great value. Such a technique would 


greatly facilitate the recovery of whole plants from transformed cells. 


This brief review indicates that alrhough genes can be transtcred to protoplasts of 
important cereal crop plants, dwemendous cbstacles remain for the regeneranon of whole 
plants from these protoplasts. It would be of creat advantage if genes can be transfered to 
intact cells directly, thus by-passing the difficulties of regenerating plants from protoplasts. 
The intact cells or tssues that are potentially regenerable do not appear to be amenable to 
the gene delivery systems that are currently available. However, sincg the particle gun 
method can be used to deliver DNA tocells and ussues in sir, it should be possible to 
introduce foreign genes into cells that can be regenerated into callus and whole plants. 


Preliminary Experiments Conducted 





prosecriles into cells with the pavicls gun: 

Several mechanisms for the acceleration of small, dense particles (or 
microprojectles) have been developed by one of the P. L.'s (John Sanford) in coordination 
with Dr. Edward Wolf, the director of The National Submicron Resource Facility at 
Cornell. The four methods diagrammed in Figure | have been used to accelerate 
microprojectiles to velocitics that permit their penetration of the cuticle, wall, and plasma 
membrane of plant cells. All the designs are somewhat effecave, but the mechanism 
ustrated in Figure lc und shown in greater detail in Figure 2 most effectively accelerates 
microprojecties to velocities necessary for their penetration and entry into plantcells. This 
device is capable of accelerating mngsten microspheres to initial velocities of about 1400 to 
3400 ft per second,depending on the strength of the gun powder charge used. About 0.5 
mg of tungsten particles (available in average diameters of 0.6 to 4 um) is placed on the 
front surface of acylindnical nylon projectile (5 mm diameter, 8 mm length) as a dry 
powder or in suspension in 2 to 3 pl of water. A gun powder charge, detonated with a 
fring pin, is used to accelerate the nylon projectile down the darrel of the device. The 


, ona 


vents in the barrel provide an outlet for the air in front of the nylon projectile and the hot 
gases from the gun powder charge that are behind the nylon projecule. The tungsten 
particles continue toward the target cells through a 1 mm aperture in a steel plate designed 
to stop the nylon projectile. Target cells are placed about 10 cm from the end of the device. 

We are currently designing and constructing an improved version of the particle 
gun. The plans for this device are given in Figure 3. The major design change is the 
incorporation of a sterile vacuum chamber into which the microprojectiles are accelerated. 
Operation in a partial vacuum (i.e., 0.3 etrmosphere) will allow the microprojecules to 
maintain their velocity over 2 longer distance since their deceleration is primarily caused by 
eir resistance. Other feemres of the improved particle gun will make the device easier to 
use and maintain esceptically. Several barrels will be available for the chamber so that one 
warrel can be cleaned and sterilized while another is used to bombard a sample. Another 
feature included in the design is aremote controlled mechanical arm that can open and close 
the lid of a petri dish after the chamber is closed and the partial vacuum applied. 
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1S Ose cli Cepda (Oe) as a model monocot plant Species bec cause 
| nloroplasi-fr2e epidermal velly which are easily simpped away from bulb 
S s 2s 2 single lever of ceils. The efficiency with which p rojecules penetrate and enter 
epidermal! cells of this species can be readily assessed by optical secuoning. Figure 4 
show ws the surface of an epidermal) cell from an 4. cepa bulb scale following bombardment 
= tungsten projectiles 4 um in Ciameter. Several proje ecules can be seen on the surface of 
his cell. By focusing into the same cell to 2 depth of epproximately 20 to 4O um, itcan be 
seen thara tungsten projectile had penetrated the cuticle, wal and membrane of the cell 
and entered the interior of that cell (Figure 5). Many cells can be bombarded 
simultaneously (Figure 7) and about 90 per cent of the cells ina 1 cm? area of A. cepa 
epidermal tissue (2bout 2000 cells) typically contain projectiles following bombardment 
Projecules can also be observed in sub- epidermal ussue seal bombardment, 
Microprojectile velocities currently attainable with the paruicle gun permut himuted penetration 
into onion tissue to a depth of 120 um, or 4 cell layers. Thus, sufficient momentum is 
produced to allow a4 si: ngle microprojecule tw pierce 7 cell wall and membrane layers. 

Once in the cell, most (50 to 75%) of the projectiles can be observed to move in 
conjunction with the cytoplasmic stream. Cells can survive penetration by muluple 
inp s. Apparendy the lesions formed by the microprojectiles in the cell membrane are 

all and seal ea idly. Figure 6 shows a living epidermal cell with 9 tungsten parucles in | 

its interior. Up to 29 projectiles have been observed within a single living cell. a ever. 
lability of the cells (as determined by the maintenance of cytoplasmic steaming for an 
ided period of ime following bombardment) is adversely affected by penetration by a 
number of projectiles. Cell survival is 95% or greater mink: cells containing less 
orojectiles while many of the cells that contain larger numbers of projectiles do nat 
re Figure 12). By convolling the quantity of tungsten particles which land on the 

f the cells, the number of projectiles penecating the tissue can be conrrolled such 

rates of viabiliry can routinely be maintained. Except for the presence of the 
esien particles, bombarded cells do not visually differ from untreated cells and remain 

or as long 2§ untreated cells when observed for up to 2 weeks (the length of time the 
tissue was maintained). 


viabd 
eaten 


We have done extensive work with A. cepa epidermal ussue and are now very 
familiar with the experimental condirions (i.e.. the quanuty of microprojectiles accelerated 
into issue, the distanc ¢ of the tissue from the end of the particle gun, and the sizes of 
orojectiles that can be used effectively) that lead to optimal penetranion and cell survival. 
We have recently initiated experiments to determine if smaller cells can survive penetration 
by aki saa eae W ork with cotyledon tissue of nce and wheat indicates that 
microprojectiles with an average diameter of 1.2 um can pierce these cells and enter them in 

anonlethal manner. Initia! studies indicate that the penetrating capabilities of the 
es eee nal tb can be enhanced if tissues are bombarded in a parual vacuum. We have 
found that all of the plant tssue that we have studied can survive a partial vacuum of 
approximately 0.3 ammosphere, as long 2s they are covered with a thin film of water to 
orevent their cesiccation. Figures 8 and 9 show living rice and wheat cells that have been 
penetrated by relatively smull microprojectiles. In addition, we have found that tobacco 
aoe cells can tolerate penetration by microprojectiles (not shown). These results 
en y indicate that celivery of foreign substances into living plant cells by this method 
ould be applicable to numerous species and will not be limited to A. cepa cells. 


AOA - MGA0080489 


Case 1:04-cv-00305-SLR Document 267-6 Filed 02/02/2006 Page 16 of 25 


> 
We have recenuy cone experiments io ceiermine if the particle gun can be used 
under ascepuc conditions. Since itis constructed of Stainless steel, the Darrel and stopping 
wn lpt fithe me 
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aricle guncen be flamed win ethanol. The nylon macroprojectle is stenlized 
i the tunesien microproyectiles can be autoclaved. All solutions thal are 
face of the nylon macroprojectile are sier:lized prior to use. Thus, 
firing tungsten dee cea Imto agar ar-solidified ussue culture media containing sucrose (2%) 
did not lead to visible microbial growth after at least 7 days. [tis therefore clear that we can 
utilize the particle gun uncer asceptic condinons for tssue culture applicauons. 


| eters me fade for precipitating genetic material on the surface of the mungsten 
spheres have been developed. Precipitation with calcium and spermidine permits efficient 
Beserpnen and concentration of DNA to the spheres. By electrophoretic analysis, we 
estimate that one 46 um sphere can hold approximately 10-¢ pg of DNA on its surface, 
ay ivalent to 1000 molecules of a ten-kb plasmids per sphere. The DNA on the surface of 
he sphere can readily be visualized microscopically by staining with DAPI (Figure 10), a 





fier: cent dye aa for nucleic acids (Coleman and Goff, 1985). The DAPI-DNA 
labeled tungsten particles are observed to fluoresce in onion epidermal cels following 
bombardment Once j in the cell, the microprojectiles fluoresce for only a short time, 
suggesting that material ieee rom the surface of the microprojecules. The nucleus of 
many OF these cells begin to flucresce after about § to 10 minutes, indicating tha the 
DAFI, and therefore probably the DNA from the spheres, became associated with the 


nucleus. These results demonstrate that considerable amounts of DNA can be introduced 
into large numbers of intact cells simultaneously with particle gun technologies, 

We have conducted experiments to Getermine if nucleic acids can be delivered to 
olant cells in a biologically active form. RNA was isolated (Zaitlin, 1979) from tobacco 
moszi¢ virus (TMY) strain U, and adsorbed to the surface of 4 um tungsien projectiles. To 
accomplish the adsorption, 2 plofa TMV-RNA solution (2 ug of RNA per microliter of 
distilled bea was adced 10 18 pl of a suspension of tungsten projectiles (0.01 g of 
tungsten per mullileter of distilled water). The RNA was precipitatec by the addition of 7.8 
of 2 me 5M calcium chloride solution and the resulting suspension was ceninfuged for 
min at 13,000 9. TMV-RNA coated proiectiles were used to bombard A. cepa 
ena tissue ee the particle gun, F ick bombardment. the tissue was incubated 
f $1 


tat To 


for 68 hat21C. Expression of the viral RNA was monitored by microscopic examination 
of the bo: one es ells for saponin of viral inclusion bodies (Figure 11) which are 
crystallized virus paricles that often take the form of hexagonal! plates or clusters of such 


plates (Christie and Edwurdson, 1977). About 30 to 40% ve of the cells containing projectiles 
Gs Saas 30% of the total omer of cells) inal cm- urea of tissue contained inclusion 
bodies (refer to Table 1 of the enclosed pre-prnt). These distinctive crystalline inclusions 
never been observed in the thousands of cells we have examined in unbombarded 
tissue or in tissue bombarded with naked projectiles. As an additional control, TMV-RNA 
was precipitated with CaCl, as described above, except the tungsten paruciles were not 
incluced i in the preparacon. The resulting Suspension wus spread with a glass rod overa 
l cm area of A. cepa epidermal tissue either before or after bombardment with naked 
spheres. Inclusion ae were notobserved in these samples indicating that the RNA did 

“ - simply enter the cells through openings formed by the passage of the spheres through 

ell wall. In addition, inclusion bodies were not observed in A. cepa epidermal cells 

es TMYV-RNA coated projectiles (0 ul of 2 preperation produced as described ubove) 
were spread overa lem? arca of tissue with w glass rod. These results clearly show that 
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s simultaneously. The efficiency of delivery observed here is comparable to that found 
TMV-RNA delivery to protoplasts by lincsome uptake (Fraley et al., 1982; Fukunaga 
)or elecrofusion (Ni ishigueht etal., 1986). 


e gun can deliver nucleic acids in a biologically ucuve form to a large number of 


2 


We have most recently demonstrated that the particle gun can be used to deliver 
DNA to plant cells and thar the DNA is subsequently expressed. Using methods similar to 
those cescribed above, we have coated tungsten microprojecules with plasmid (pS35- 
CAT) containing 2 gene thar codes for the synthesis of chloramphenicol acetyltransferase 
(CAT). The gene is uncer the control of a strong promoter Ct cerived from cauliflower 
mosaic virus, the 38S promoter (Olszewski etal, 1982). The DNA-coated projectiles 
were used te bombard 13 cicecdl of A. cepa epidermal tissue, each having an area of 
.bout l omé (there are approximately 2000 fete per square cm of ossue). As controls, 13 


é 
secuons of A. as epiderm a issue were left unbombarded or were bombarded with either 
a & 


aked tungsten microprojectiles or tungsten microprojecules coated with pUC13 not 
containing the CAT gene. The ussue was then incubated for 3 days. CAT actvity was 
ayed in extracts of the nssues by adding /4+C-chloramphenicol and acetyl CoA and 
bat ting the reaction mixture for 30 min. Products were separated by thin layer 

ite erephy and detected with auioradiogruphy canam etal, 1982). Figure 13 
she developed autoradiogram. Tissues bombarded with the CAT gene clearly 
express ec CAT activity, while controls had negligible activity. This experiment has been 
perform, ec twice with similar results. These findings indicate that the pa ticle gun not only 
can 9 used to deliver serene material to monocotyledonous plant cells, 2ut that the foreign 
gerie is expressed in the synthesis of a biologically acuve foreign protein. We have 
hereto cemonstrated that the particle gun can be used to ransform monocot cells in situ, 
s they occur within intact ussues. 


rer 
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Experumental Plan for this Proposal 


We are greatly encouruged by these proof-of-concept expemments and are 


convinced that this approach can eventually be used to transform nearly all cell types and 
selene le many ussue types. However, we realize that 2 great deal of developmental 
research is sull required, We first plan tu complete the A. cepa work monitoring the 
efficiency of transformation of asp swith DNA introduced by the particle gun and 
determining the factors that can influence these efficiencies. Afier completing the A. cepa 


research, we plan to extend our ndings to Nicotiana. Although Nicotiana i$ nota 
monocot, it will be used as a model system for demonstrating the utiluy of the particle gun 
for the producuon of stubly wansformed callus and whole plants. Nicotiana tabucunt 1s 
chosen because of the ease of culturing and regenerating this Species using standard 
protocols. 


After the basic aspects of particle gun-mediated transformations have been studied 
with onion and tobacco, we will apply the concept of gene delivery with the particle gun to 
two imporant grain crops (corn und rice). Our techniques will be optimized for 
bombardment of tissues and cells chosen for their potcntial for regeneration to whole 
plants. Eventually, further refinements will be made with the hope of developing a 
system applicable for the transformation of other grain species. When this technolopy is 
fully mature, itis our hope that it will be the system of choice for ransforming most plant 
species. 
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- The of ‘asimud with an easily idenutiadle gene product used for our 
oreliminary stucies 1s one that carries the CAT cere (Morelli et al., 1985). This plasmid 
includes the following ¢ omponene ts: (a) 294] bo region including the 3438 promoter 
from cauliflower mosaic virus (Guilley eval., 1982), (b) « 900 bp long region coding for 

the chloramphenicol ucetylrraneferase (CAT) acnvity (Alton and Vapnek, 1979), (c) a 700 

iy region carving the rbcS 3' noncoding sequences and the trunscmption terminauon 

gion, and (d) 4 cervative of the pUCI3 plasmid in which the Hinell site was changed 


toa Clal, anc the pia ae was linearized by digestion with EcoRI and Clal. The 


composite plesmid (£280 bp), designated p35$-CAT. was constructed and kindly 
_ provided to us by Dr. . Mor li Morellietal., 1985). Using electroporaton with 
protoplests, one of the s (R. W.) has already demonstrated that this plasmud 
ntegrates into the bane se at least tvo species of Graminae (rice and wheat) and 15 
expressed. | 





oLG ) ‘A plasmid with a kanamycin resistance selectable marker, Zemin neo 
(De Block etal., 1984) was kindly provided by Dr. M. van Montagu. This chimeri 
plasmic contains | ike promoter of the nos gene and the coding sequence of ence 
phosp! hotransferase lI (neo) from Tn$. Various plamids with simular selectable markers 
which are used for plant transformation are also available to us. 


inven A cena work: 


We will continue to use A. cepa as one of our model systems, because we have 
successfully demonstrated transformation and because we can reproducibley obtain high 
aie of penetration and viability efter bombardment. We plan to study cellular 

ansformation efficiencies by using labeled antibodies to the CAT protein using 

aed fester: of the methods that are routinely performed in animal transformation systems 
(Gorman etal. 1982). By this method we can precisely and rapidly determine the 
percentage of cells that have been transformed. This ability will greatly help us to study 
hose factors eek: transformation effeciency. Epidermal ceils will be bombarded with 
igsten microprojectiles coated with plasmid containing the CAT gene as described in the 
TOgress sec tion of this proposal. After incubating the tissue for 3 days, the tissue will be 
fixed and thin Sections prepared (Coleman und Pratt, 1974, Baumyartneretal., 1981). 
The thin sections will then be treated with antibodies against the CAT protein. After 
washing, the anubocy will be visualized with enher FITC. labeled IsG or with the 
biotinylated peroxidase system, and counts of transformed cells will be made. Dr. C. 
Gorman has kind! ly supplied us with the CAT antibody which she hus been using in her 
studies of animal cell transformation (Gormanetal.. 1982). 
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Alternatively, an autoradiographic method will be used to determine the number of 
cells that are cansformed in a given area of A. cepa epidermal issue. Three days after 
bombardment with the appropriate plesmid, '*C labeled chloramphenicol will be added to 
the ussue. After about 2 hours, the tissue will be incubated with a 100-fold excess of 
unlabeled Sali ull an for 3 to 10 minutes und washed extensively to remove residual 
_ abdeled substrate. It should be possible to wash out the unused substrate from the 
ells since itis an uncharyed mol lecule. The products of chloramphenicol acetylrensferase 
-acetyl chloramphenicol, 3-acetyl chloramphenicol, and 1.3-diacetyl chloramphenicol) 
would be difficult to wush out from the cells since they are charged molecules. After 
washing, the epidennal layers will be dried and autoradiographs should reveal those cells 
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ning the protein products of the CAT scene. These techniques should yield data on 
ber of cansfonmed cells and will heip us to accurately cetermine tne 
e gun-meciaied tanstormauons under vanous experimental conditions. 


here are numerous factors which may affect the efficiency of transformauon in A. 
xample, bomberding the same piece of tissue several umes may greatly 

‘ecree to which the CAT gene is expressed in the tissue. To test this, we will 
bombard 1 cm® sections of A. cepe epidermal ussue either 1, 2, 3, or 4 times with 
microprojectiles coated with p2SS-CAT. The relative effects of these treatments on specific 
ctivity will be determined by performing the CAT enzyme assay on the bombarded tssue. 
ferences in the actual numbers of cells that are transformed will be determined using 
cher the immunochemicel or rediochemical technique described above. Changes in the 
chniques used to adsorb DNA to te tungsten microprojectiles may influence the quality 
extent of binding, which may in turn affect the levels of CAT enzyme that are 
ed in the bombarded ussue. As was outlined in the Progress section of this 
1, we routinely use 2.5M@ CaCl, and 0.1M spermidine to bind DNA to the 
piectiles. Under the conditions that we employ, these concentrations give 
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ing the quantity of DNA that is bound to the microprojecules may not necessanly 
lead to optimal rensformnution efficiencies since other factors such as de-adsorpuon and 

colubilizetion in the cellular environment may be highly significant. We therefore plan to 
determine the influence of various parameters used to bind DNA to the microprojectiles on 
rransformation efficiencies. The concentrations of CaCly, spermidine, and DNA (p3SS- 
CAT) will be varied in the binding procedure and the resulting DNA-coated 
microprojectles will be used to bombard @ specified area of epidermal tissue. In addition, 
the length of time that the suspension of microprojecules and precipitaitd DNA are 


uid 
centnifuged together cun be varied to study the influence of this parameter on Tan formation 
eric 


berween treatments will be determined by the rudiochemical CAT assay. Differences in the 
actual number of cells transformed will be determined with either immunochemical or 
autoradiographic techniques. 





. 


maintenanace of cytoplasmic steaming. In our preliminary experiments, penetration and 
cell survival have been observed in this syStem. 


optical sectioning with the light microscope und viability cun readily be determined by the 


Conditions will be varied so that optimal cellular penetration by the microprojectiles 
and cell viability following bombardment are reproducibley obtained. Using 
microprojectiles 1.2 or 2.4 ym in diameter and leaf tissue of a known age and | 
developmental stage, we will determine the optimal distance for the placement of the ussue " 
from the end of the purticle gun. This distance will be varied from 5 to 1§ cmin the air and 
under a partial vacuum (0.3 atmosphere), After the ideal distance is determined foreach _ 
size of microprojectile, the optimal quantity of microprojectiles accelerated at the ussue will 
ne established. Between 0.05 and 0.5 mg of tungsten parucles will be loaded into the 
device. Various strengih gun powder charges and degrees of vacuum will also be tested to 
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g 
optimize microprojecale velociues and the ettic:ency of penecation by the microprojectiles. 
Following bombarcment, penerauion by the microprojecules and the viabuity of the cells — 
will de determined mu croscopically. 


| After the above parzmeiers have been established, we will determine if the particle 
gun can de used to vansform Niconana. ‘Specific plasmids will be coated to the surface of 
ungsten microprojecules having a specific average diameters of between 1.2 um and 2.4 
Lm, using methods that we have already established. To accomplish the adsorption, 20 wl 
of a DNA solution (0.25 ug of DNA per yl of TE buffer) is added to 20 ul of a suspension 
of tungsten projecules (10 mg of tungsten per millileter of distilled water). The DNA is 
precipitaiec by the accition of 100 pl ofa calcium chloride solution (2.5M) and 40 ul ofa 
spermidine soluton (0.14f). The resulting suspension is centrifuged in an Eppendorf tube 
for 60 min at 13,000 g at 4 C. The presence of DNA on the surface of the tungsten 

ruicles can be confirmed with DAPI suuning. Before using the particle gun to bombard 

tissue with the tungsten mucroprojectiles, the nylon macroprojectile, gun, and 

uum chamber can be thoroughly sterilized with 70% ethanol. The panicle gun assembly 

an be kept eee a stenie hood with laminar air flow to help maintain ascepuc conditions. 

fone n firings, the gun will be cleaned with ethanol. 


a 
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We will accelerate tungsien microprojectiles coated with the plasmid p3SS-CAT into 
leaf issue. Both young leaf tissue, im sim, as it occurs on the plant and excised leaf discs 
will be bombarded. The leaf dises will be maintained in a humidifier after bombardment 

while the intact leaf issue will simply be left on the plant. The presence of the CAT 
enzyme will be cetermined using the radiochemical enzyme assay used successfully with 
A.cepa epidermal tissue. 


To cetermine if transformed tissue can be regenerated from material treated with the 
le gun, leaf discs will be bombarded with microprojecules coated with a sate 
(pLGV2Z3 neo) which contains the selectable kanamy oy resistance gene. The particle gun, 
lated solunions, and plant tissue will be sterilized prior to use. [f itis found that 
tenlizing the leaf kills many epidermal cells, then the leaf will be surface sterilized 
epide rmal ls layer with several accompanying sub-epidermal layers will be excised. 
pidermal cells will then be targets for the microprojectiles. Selection and 
eneration protocols will then be followed. A very reliable cpu has been desenbed by 
Horsch and coworkers (1985) for regeneration of tohucco from cells of leaf discs that have 
been canstormed with Ag pe vacieeiné and this system 18 used routinely in the laboratory 
of one of us UJ. S.). Fol Owing treatment with the microprojectiles, the leaf dise will be 
tras datas to semi-solid media that induces growth und shoot regeneration. After 2 to 3 
cays the tssue will be transferred to the same media but supplemented with kanamycin at a 
concentration of about 300 pe per ml. Shoots that develop from the callus in 2 to 4 weeks 
will be transferred to root inducing medium containing kanamycin. After roots eppear the 
planuets can be transplanted to soil. Nicotiana tabacum will also be used as a model 
system for the transformation of callus cells that are potentially rgenerable. Callus can be 
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iniuated using standard techniques (Gumborg etal., 1979; Wemicke and Thomas, 1980). . 
The degree to which microprojectiles penetrate these cells will be determined by fixing thin 


secuons (about 2 to 3 cell layers thick) and viewing them under the light microscope. 
Following bombardment with the kanamycin resistance gene, the tissue can be transferred 
to selecuve shoot inducing medium and then to medium promoting root formation. 


OO A100  " MGA0080495 — 


Case 1:04-cv-00305-SLR Document 267-6 ~~ Filed 02/02/2006 Page 22 of 25 


1Q 


The nopzline assays, dot dlots, ane Souther hydricizauions have Deen extensively used in 


the laboratory of one of us (R. W.). 






mation of Zea muvs using ihe paruc's gun: 

Existing callus proliferation and plant regeneration sysiems for maize make this 
species very well suited for experiments with the parucle gun. Callus can readily be . 
produced from scutellar issue of immature embryos of Zea mays. Under the eppropnate 
culture conditions, the callus of some genotypes is highly embryogenic and can be 
maintained for long periods of ime (Duncan etal., 1985; Hibberd, 1984). Using 
favorable media and genotypes, up to 50% of the immature embryos plated can procuce 
recenerable callus (Duncan et al., 1985). For some genolypes (1.¢., HOS and PA91), 
100% of the embryos give rise to embryogenic callus when plated on the eppropnate 
medium, and the resulting callus is so embryogenic that the entire surface of the callus 
becomes covered with embryoids (D. R. Duncan, personal communications). Most 
encouraging is the fact that recent studies of the somatic embryogenesis of maize 
demonsrate thet scutellar epidermal cells cells, callus surface cells, and cells just below 
the surface cevelop into embryoids (Vzsil et al., 1985). These cells are relatively large (20 
to 60 um in diameter) and should be amenable to penetration by the microprojectiles. Thus 
the cells that give rise to embryos are highly accessible for penetration by microprojectiles 
accelerated with the parucle gun. Dr. Duncan has agreed to supply us with stable 
embryogenic cultures of 1199 and PAQ91. 





: 
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With the particle gun, we plan to introduce genes that code for easily assayable or 
selectable markers into embryogenic or potentially embryogenic corn ussue. We will 
bombard the following tissues: 1) scutellar tissue of immature embryos, 2) pre- 
embryogenic callus derived from immature embryos, and 3) embryogenic callus which has 
formed embryoids. Immeture embryos can be usceptically removed from immature 
caryopses using stendurd techniques (Green and Philips, 1978; King and Shimamoto, 
1984). The immature embryo will then de placed ona glass slide with the embryonic axis 
facing downwards. The Lissue will be positioned so that regions known to give nSe to 
callus (i. €., the coleorhizal end of the scutellum) will be subjected to bombarcment by the 
incomming microprojectiles. To prevent desiccation of the cells uncer reduced atmospheric 
pressure (2bout 0.3 atmosphere) the embryo will be covered with a thin layer of water. 
The embryo can then be placed in the vacuum chamber and the particle gun aiuned so that 
the ‘spray’ of parucies exiting the gun will impact on the scutellum. As Stated previously, 
the optimal size and quantity of microprojectiles used and the optimal distance of the tissue 
from the end of the gun will be determined in preliminary experiments for each type of 
tissue. : 


Experimenss will first involve the introduction of plasmids containing the 
chloramphenicol acetyltransterase (CAT) gene into cells of the scutellum using techniques 


: similar to those found successful for A. cepa epidermal cells. Following bombardment 
with the microprojectiles, the embryos will be incubated for 2 to 3 cays to permit . 


production of the CAT enzyme. The presence of CAT activity can be determined in tissue 
extracts using standard techniques. Embryos (5 to 20) can be pooled to perform one 
enzyme essay. Experiments to introduce a selectable marker into cells of the scutellum will 
also be pertormed. Following bomburament as described above but with plasmid pGLV23 
neo, the tissue will be transferred to callus proliferation media which docs not contain 
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kanamycin (for example. maintenance medium Dof Duncan etal, 1985). About 2 days 
will be allowed for the production of the kanamycin phoshowansferase enzyme in the 
ombarced tissue. The embryo will then de wunsfermed to maintenance media containing 
ana: 1. Prelimanary experiments will be performed to determine the minimum 
.cencation of kanamycin that inhibits callus growth by plating immature embryos on 
maintenance medium containing either OQ, 50, 100, 200, or 500 ug of kanamycin per mi 
of media. Sufficient quannines of callus will be produced to pertorm nopaline assays and 
dot blots to confirm the presence of the indoduced gene in the kanamycin resistant plane 
material. ) 


Transformed callus can be transferred from maintenance media to media that 
promotes the generation of callus capable of embryogenesis. Callus capable of 
embryogenesis can be visually selected and then transferred again to regeneration media. 
Embryos that develop from the callus can then be iransferved to MS medium (Murashige 
and Skoog, 1962) lacking growth regulators. 


Another promising target nssue that we will bomberd is young callus that has not 
yet differentiated into embryorenic callus. [Immature embryos will be plated on callus 
maintenance medium and allowed to grow for penods ranging from § to 14 days. The 
callus that forms will then de transferred toa sterile perm dish, covered with a thin layer of 
water, and bombarded under reduced atmospheric conditions with 1.2 um projectiles 
coated with either the CAT plasmid or plasmid contuning the kanamycin resistance gene. 
In the case of bombardment with the CAT plasmid, the callus can be transferred back to the 
maintenance medium for 2 to 7 days. The presence of the CAT enzyme can then be 

ae determined 2s previously described. For callus bombarded with the kanamycin resistance 


concentration of kanamycin. The callus will be allowed to proliferate and embryogenic 
portions of the callus will be transferred to fresh medium supplemented with kanamycin. 
Any resulung plantlets will then be transferred to regeneration medium, 


Callus tissue which has elready differentiated into embryogenic callus will be 
bombarded with plusmmd containing the kanamycin resistance gene. The bombarded tissue 
€ allowed to proliterise for several duys on medium lacking kanamycin. Fach piece 
bryogenic callus thazis bombarded will have hundreds of embryoids on its surface, 
euch capable of giving rise to embryogenic¢ cullus or plantlets when subcultured on the 
ropnate medium. In some expenments, the entire callus will be transferred to medium 
contzining kanamycin. After 2 weeks, the callus will be wansferred to callus maintenance 
medium containing kanamycin and subsequently to media that promotes regeneration, 


© 
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Suspension cultures of maize can be produced from embryogenic callus (Green, 
1982) and such cells give nse to embryogenic callus when plated on solid medium. These 
suspension cells can also be bombarded with projectiles coated with plasmid harboring the 
kanamycin resistance yene. A suspension culture will be spun down and about 108 cells 
added per milliliter of cooled alginate. The alginute-cell mixture will be spread on a glass . 
slice and allowed to harden. These immobilized cells should then be suttable for 
bombarcment The boimburded ceils will then be transferred to kanamycin containing 
mecium after several days of incubation on kanamycin free medium. Presumably only 
those cells that are expressing the introduced gene will be capable of growth and 
embryogenesis in the medium supplemented with kanamycin. 
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. eddition to the 2bove-stated uSsues, we would eventually like to bomburd com 
sc ussues. Dr. D. B. Walden and associates have Gone extensive studies on 


corm floral meristems (Chen g eral., 1983). They have developed highly effective means. 
for culturng A rimordial floral meristems into mature flowers and gametophytes. Effective 
means have been developed by these researchers to use the in wirro: generated 


ameto ees orin virro fertilizapon to produce viable seed (Ramen et al., 198Q). 

ial floral :memstems constutute large targets (0.5 ro | cmin diameter) whose 

are covered with larce numbers of sade: pnmordia. Bombardment of such 
les ith pLGVneo would be followed by culrure into mature flowers in the presence of 
kanamycin. Resulting als etophytes can then be used forin virro ferulizanon. Because 
the gametophytes will have ceveloped in the presence of pala eae. the only viable 
cametophytes should be kenamycin resistant, deriving from transformed sectors of the 
merisiem. Resulung transformed progeny should therefore be non-chimeric, and 
seedlings will be readily screened for kanamycin resistance. This work will be done in 
collaboration with Dr. Walden. 
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of Orcrae sarva with the panicle gun: 

The basic reseerch methods we have autlined for com are clearly applicable to other 
monocot systems where regenerauon from tussue is possible. We plan to extend our 
studies tO Tice, as lime permuts. - 





wit al ccallus will be jadueed from anthers (Genovesi and Magill, 1982), 
immature embryos, and mature seed (Heyseretal., 1983). The callus will be bombarded 
lasmid ae the selecuve kanamycin resistance marker either before or just 
mbryoi ds begin to form. [n addition, we will attempt to bombard the immature 
mbryo (primarily the scutellum) to introduce genes into these cells before they divide. 
relim ech experiments will be performed to optimize microprojectile penetration ina 
nner described for: a other systems discussed in this proposal. Space does not permit 
O reilerate as celal ied an outline for nice, but the approuch will obviously be similar as 


for corn. 
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Electron and Lich: Microscopy for the Study of Microprojgctiles in Cells: 

aha of ourexper:ments will involve bombarding tssue with microprojecules 
(<0.6 jum) that are difficult to visualize within a cell with the light microscope. We will 
employ ¢ kee microscepy 10 detect these very smal! particles within cells. The electron 
microscope will also be used for ussues that ure not suitable for opucal secuioning with the 
light Saahuas is In addition, we are very interested in che nature of the cell lesion 
associated with penetration. Using freeze fracturing end convenuonal electron microscopic 
rechniques, the lesions on the cell surface produced by the microprojectiies will be 
alae aaa The interaction of the microprojectiles with the cytoplasm will also be studied 
ar the licht and electron micro orcoPy levels. The movement of the microprojectiles in 
relation to the nucleus, cytoplasm, and organelles will be studied. This work will be done 
in colaboration with Dr. M. Parthasarathy of Comell. | 
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Personnel 
This grant is intended to support a post-doc, a technician, and a 
part-tine lab aide. 


The post-doc, Or. Ted Klein, has been working on the particle gun 
concept for two years in Dr. Sanford's lab, under a special grant from the 
Cornell Blotechnology Institute. He has pioneered this new field of 
biclegical research end is uniquely qualiried to continue this prejece (see 
enciosed C.V. and pre-prine). A part-time lab aide will be essential, to 

free Dr. Klein from seme of the most roucine and tedious aspeccte of Chis 
work. Dr. Klein will feeus his attention on the various aspects of the 
eccelerators, the cells, and their interaction. Technical support tits 
required for the molecular biology and tissue culture aspects of this work. 
A full-time technical line will be shared between Dr. Wu's lab and Dr. 
Senford's lab. Plasmid preparations, CAT assays, and oONA hybridization 
will be conducted in Dr. Ku's lab. Routine tissue culture work will be 
done in Dr. Sanford's lab (1.e. tcbacco), while the more cemanding tissue 
culture work (i.e. with monocots) will be cone in Dr. Wu's lab. 


Dr. Cao Jun, a new post-doctoral associate in Dr. Wu's lab received 
his Ph.D. under Dr. M.C. Rush. He has substantial monocot tissue culture 
expertise and hes helped develop highly efficient methods for regenerating 
rice plantlets from immature panicle tissues. He will be actively involved 
ith this preject and will provide invaluable cissue culture expertise. 


Facilities and Equipment: 


Ll. Dr. Sanferd: My lab has already been heavily involved in particle gun 
researth.s i have more than 900 sq. ft. of Pl lab space, divided into four 
rooms. One room (208 sq. ft.) is entirely dedicated to particle gun re- 
search, and houses four different types of particle acceleration cevices, 
an Olvyepus microscope system with UV and Nomarski optics, and various lab 
ecuipment. (An advanced integrated particle gun system is under construc 
eion which will facilitate experimentation in a sterile chamber using 
partial vacuums.) A second lab (240 sq. ft.) is dedicated to tissue cul- 
ture, and contains incubacors, air shakers, an autoclave, a 4' biosafety 
hood, ete. A third lab (356 sq. ft.) is set up as a general wee lab with 
work space for at least 4 people and is used for DNA work. A fourth las 
(102 sq. ft.) ts used as an equipment room, and contains centrofuges, 
ovens, freezers, refrigerators, and various electrophoresis equipment. In 
addition to these resources, the department has two edditional laminar flow 
hoods and two growth rooms which are available to me. TEM and SEM 
facilities are avatlable at both the Geneva and the Ithaca campus. 


For growing plants before and after transfcruation, I have over 1,300 ~- 
sq. ft. of greenhouse space, including a Pl greenhouse with high intensity 


lights (we have been very successful in growing and crossing corn in this 
house ) rs 


2. Dr. Wu: An advanced particle gun device will be supplied to Dr. Wu's 
lab, sicilar to the cevice being installed in Dr. Sanford's lab. This will 
allow sizultaneous bombardment experisents to proceed in both labs. 
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